Ribosomal DNA (rDNA) polymorphism was compared with electrophoretic enzyme polymorphism for the intraand interspecies differentiation of Yersinia enterocolitica, Y. pseudotuberculosis, Y. intermedia, Y. ddovae, Y. frederiksenii and Y. kristensenii DNA from 90 strains previously classified into six zymotypes (Y. enterocolitica and Y. frederiksenii) and into distinct enzyme electrophoretic patterns (the four other species) was digested with EcoRI or Hind111 and analysed by Southern blotting. The six species were clearly differentiated from each other.
Introduction
The genetic diversity of bacterial species can be studied either by electrophoretic polymorphism of enzymes or directly by analysing chromosomal DNA polymorphism. Differential melting profiles of total DNA hybridized to a reference DNA have given information on the overall genetic, relatedness of bacterial species, but this approach is inappropriate for establishing genetic relationships among closely related organisms. The restriction patterns of DNA, visualized by ethidium bromide staining, have been used as taxonomic or epidemiological markers for Leptospira (Marshall et al., 1984) , Chlamydia (McClenaghan et al., 1984) , Campylobacter (Kakoyiannis et al., 1984) , Neisseria meningitidis (Kristiansen et al., 1984) and Branhamella catharralis (Patterson et al., 1988) . However, the complexity of the large number of fragments obtained with commonly used restriction enzymes made a rigorous side-by-side comparison of the stained patterns mandatory in order to understand the DNA relationships. Some authors (Allardet-Servent et al., 1988; Schwartz & Cantor, 1984) used low-cleavage frequency restriction enzymes to circumvent this problem, but the resulting detectable DNA polymorphism is naturally low and makes the technique less useful for studies of intraspecies differences. The optimal situation would be to use the common restriction enzymes combined with selective visualization of a reasonable number of polymorphic fragments. Grimont & Grimont (1986) and others (Bercovier et al., 1986; Magee et al., 1987; Irino et al., 1988; Kuijper et al., 1989; Stull et al., 1988; Yogev et al., 1988) have demonstrated that the restriction fragment length polymorphism (RFLP) of ribosomal DNA (rDNA) may be a useful genetic marker for species and subspecies classification.
In previous papers , we have analysed the enzyme polymorphism of Yersinia N . Picard-Pasquier and others enterocolitica, Y. pseudotuberculosis, Y. intermedia, Y. aldovae, Y . frederiksenii and Y. kristensenii and demonstrated that the 192 strains studied may be identified at the species level by their enzymic electrophoretograms. Within Y. enterocolitica, biotype 1 was divided into two zymotypes (1A and lB), while the four other biotypes corresponded to four different zymotypes. In the absence of an intraspecies classification by biotype, we have delineated six zymotypes in Y . frederiksenii. The subgrouping of the electrophoretic patterns into zymotype appeared to be less convincing for the four other species.
The aim of the present work was to evaluate the potential of ribotyping technology for the inter-and intraspecies classification of Yersinia and to compare the results with those obtained by enzyme electrophoretic polymorphism. To this end, we studied 90 Yersinia strains belonging to the above six species. The strains were chosen for their distinct enzyme electrophoretic pattern.
Methods
Bacterial strains. The 90 Yersinia strains tested had been previously analysed for their enzyme polymorphism (Table 1) .
RFLP of rDNA. The original method described by Grimont & Grimont (1986) was modified to streamline the entire procedure (Picard-Pasquier et al., 1989) . For preparation of DNA, bacteria from a 10 ml overnight culture at 28 "C were harvested by centrifugation at 4000 g for 5 min at 4 "C and washed with 300 p150 mM-Tris/HCl, pH 8, 1 mM-EDTA. The washed pellet was resuspended in 300 pl, 50 mMTris/HCl, pH 8, 25% (w/v) sucrose, to which were added 200 pI lysozyme (300 pg ml-l) and 120 ~1 0 . 5 M-EDTA, pH 8. The suspension was mixed and allowed to stand on ice for 5 min. The cells were lysed by adding 1.4ml 6 M-guanidium chloride followed by 1OOpl 7.5 Mammonium acetate and incubating at room temperature with agitation for 1 h. Proteins were digested with 15 pl proteinase K (10 mg ml-l) plus 200 pl 10% (w/v) Sarkosyl for 60 min at 60 "C. High molecular mass DNA was precipitated with 2vols 100% ice-cold ethanol and recovered by spooling. The DNA was resuspended in 6 mM-Tris/HCl, pH 7.5,6 mM-NaC1, 0.1 mM-EDTA. DNA (1-5 pg) was digested with EcoRI or HindIII, size-separated by electrophoresis on submarine agarose gels (0.8%) for 3 h at 1.5 V cm-' and transferred to nylon membranes (Genescreen Plus) by the procedure of Southern (1 975) for 18 h. rRNA (250 ng of 16s and 23s RNA from E. coli, Boehringer) was labelled to high specific activity (6 x lo7 d.p.m.) by a random oligopriming technique using a mixture of hexanucleotides (Pharmacia) and cloned reverse transcriptase .
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Results and Discussion
A representative RFLP pattern obtained for different species of Yersinia is shown in Fig. 1 .
Y. enterocolitica
Seventeen strains belonging to biotypes 1 to 5 were analysed for their rDNA polymorphism by the RFLP pattern for Hind111 (Fig. 2a) and EcoRI (Fig. 2b ) restriction enzymes. Two distinct riboclasses encompassing the same strains were identified with each enzyme. The strains falling within riboclass 1 belong to biotype 1 ; all the others of riboclass 2 belong to biotypes 2 to 5. Thus, the RFLP data demonstrate unequivocally that the Y. entercolitica species can be divided into two major genetic groups : the strains of riboclass 1 corresponding to biotype 1 and a distinct group of riboclass 2 strains encompassing all the genetically related biotypes 2 to 5.
The zymotype study supported a similar conclusion: it distinguished the strains of biotype 1 from those of biotypes 2 to 5 both by the presence of esterase bands E3
and E5 and by the distinct mobility of esterases Ez, E4
and E6 (Table 1 ) . Further differences in the RFLP patterns of both restriction enzymes within riboclass 1 (essentially with fragments of high molecular size) allow its subdivision into ribosubclasses la and 1 b. These ribosubclasses correspond to the subdivision of biotype 1 strains into zymotypes 1A and 1B ( 
Y. pseudotuberculosis strains gave a 2.3 kb fragment in
EcoRI digests as did the Y. enterocolitica strains, but could be distinguished from all other Yersinia strains by the presence of a 1-1 kb fragment (Fig. 1) . . In addition, two fragments of 2.3 kb and 1.4 kb were common to all the EcoRI digests of Y. enterocolitica (Fig. 1) .
Fig. I. A representative RFLP pattern obtained for different species of
data suggest that the species Y. intermedia is homogeneous. Similar conclusions were reached from a comparison of enzyme electrophoretic data (genetic diversity) with the DNA melting profiles at 60°C . After EcoRI digestion all strains gave three low molecular size fragments; the 2.3 kb fragment seen in the other Yersinia species was not detected in Y. intermedia, but strains of the latter had a 1.4 kb fragment in common with Y. enterocolitica (Fig. 1) .
Y, aldovae
The HindIII RFLP patterns placed all the strains in a single major riboclass (Fig. 5 a) , which agrees perfectly with the monomorphism of GDH and malate dehydrogenase (MDH). However three minor classes of patterns can be distinguished, and such a division appears to correlate with the different esterase electrophoretic types observed ( . .
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. . (Fig. 5 b) . Minor class 2 corresponds to the minor classes 2 and 3 defined by HindIII. All strains gave three low molecular size -.
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-. -Ribc lass. . . fragments (Fig. 1) . A 1.4 kb fragment and a 2.3 kb fragment were common with Y. enterocolitica (except for the strains of the minor class 1 which did not exhibit the 2.3 kb fragment).
Y. jiederiksenii
The rDNA polymorphism revealed by Hind111 digestion allowed the strains to be divided into five riboclasses (Fig. 6a ). An identical subspecies classification was obtained when the EcoRI RFLP was studied (Fig. 6b) . Pseudomonas syringae using selected cosmid clones of P.
syringae pathovar tomato DNA as an anonymous probe in the RFLP study.
Y. kristensenii
The strains could be divided into four riboclasses on the basis of the HindIII RFLP data (Fig. 7a ). The correlation with the previous enzyme electrophoretic typing (Table 1) indicates that the strains of riboclass 1 (lanes 1 to 7) have esterase E; MF values from 63 to 70 and esterase E,, MF values of 79. The strains of riboclass 2 (lanes 8 to 11) were characterized by an Eka esterase MF 68 and/or the presence of an esterase band similar to esterase EAB. The strains of riboclass 4 (lanes 16 to 18), which exhibit a very distinct RFLP pattern, were phenotypically distinguished by a MDH M F value of 36.
Thus, as for the strains of zymotypes F5 and F6 of Y. frederiksenii, the electrophoretic variation of the MDH, which exhibits a little polymorphism, corresponds to a major intraspecies differentiation. Three riboclasses of RFLP were identified by EcoRI digestion (Fig. 7b) . Riboclasses 1 and 3 were identical to HindIII riboclasses 1 and 4 whereas riboelass 2 corresponded to the strains of class 2 and 3 defined by HindIII digestion. This suggests that the strains of HindIII-defined classes 2 and 3 are closely related. All Y. kristensenii strains exhibited two common fragments of 2-3 kb and 1.4 kb with EcoRI digestion, which were also observed in most strains belonging to Y. enterocolitica, Y. aldovae and Y.
frederiksenii (Fig. 1) .
Conclusions
An explanation of the correlation of enzyme electrophoretic polymorphism with rDNA polymorphism observed in the strains of the six Yersinia species could be based on the fact that rDNA sequences exist in several copies which are interspersed among single copy sequences of the bacterial DNA. Consequently, we hypothesize that the polymorphism of the rDNA sequences reflects the evolution of the single copy sequences.
